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Attn: Hea lth and Safety Reporting Rule (Notification/Reporting) 
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Please find attached 8(d) health and s afety reports for 
mixtures processed containing toluene di isocyanate (CAS # 2 64 71-
62-5), 4,4-Diphenylmethane diisocyanate (CAS #101-68-8) and 
1,6-Diisocyanatohexane (CAS #822-06-0). Grace is submitting these 
reports for late filing since their submittal may have been subject 
to the isocyanates 10-year call-in of June 1, 1987. 

We have reason to believe that some of these reports may 
have previously been submitted to EPA as attachments to PMN 
submissions. However, Grace is filing them as a precautionary 
measure to insure EPA's receipt. 

These reports are being submitted for: 

A:\JR91-013 1 lw 

Attachments - 20 

w. R. Grace & Co . -conn , 
Washington Research Center 
7379 Route 32 
Columbia, MD 21044 
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PREFACE 

This report contains a summary of the data compiled during the evaluation 
of the test compound. The report is organized to present the results in 
a concise and easily interpretable manner . The first part contains Items 
I-IX. Items I-IV prov i de sponsor and test article identification infor
mation, type of assay, and the protocol reference number. Item V r ~ ·ovides 
the initiation and completion dates of the study. Item VI identifies the 
su perv isory personnel . !ten VII indicates the tables and/or figures 
co ntaining the te st results. The interpretation of the results is in Ite 
VTJI . Item IX provi de s the conclusion and evaluation. 

The se co~ d par t of the re rt descr ibes the study design, which includes 
tne ma t erial s a ~ p ac ed re s em loye d in conducting the assay. This part 
of the repo rt al sc contai ns e al uati o criteria used by the study director, 
and a y ap pe n ~ice s . 

Al l te st anc cor. tro re sult s p esented i n th is report are supported by 
rav.' data w i ch are permane nt ly ma i ntained in the files of the Department 
of Mole cula r To ~ ic o log or i n the archi ve s of L ~ tton Bionetics, Inc . , 
551E Ni cholso La , Rens i ng t o , Ma ryl and 20895. 

Copie s of t he raw da t a will be s~p p lied to the sponso r upon request. 

The descr ibed stud ' was performed in accordance ~·.' ith Good laboratory 
Pract i ce reg ulat io ns except if no t ed to the contrary. To the best of 
the s i gne r 's knowledge there were no significant deviations from the 
Go od Laboratory Prac t ic~ regulations which affected th~ quality or 
integrity of the stu dy . 
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I . SPOt:so·.: v.'. R. Gra ce E. Cc . 

II. M/TERI A (T EST COMPO UN ): GENETICS ASSAY NO . : 5919 

A. Ide ntif ication: Liquid prepolymer 11664-97 HYPOL 4100 

B. Date Received: September 24, 1981 

C. Physi cal Descri pti on: Viscous, pale-yellow liquid 

III. TYPE OF ASS AY: Mouse Lymphoma Forward t·1utation Assay 

IV. ASSAY DESIGN NUt~BER : 431 

V. STU DY DATES: 

A. lni tia io 

8 . Co rr, 1 e t i o 

Se ptember 28 , 1981 

October 30, 1981 

Vl . SUPER 'IS0 2" PE RSO r;:: 

6. La bora tor: Sc: !' •i so : Ja e Fi sher 

The dat a a ·e present: Ta . l l on page4. 

VII I! 'TERF'RET.t,TIQ, 0 RE SlJ'. TS: 

Th e tes t materia l, liquid prepoly~er 11664-97, fonmed a white solid in 
a clea r color le ss liquid with water at 100 wl /ml but formed a clear 
colorle ss liquid in dimethylsulfoxide (DMSO) at the same concentration. 
D!~SO was cho sen as the solvent and, just prior to testing, stocks were 
prepare d by performing serial dilut 'ons in DMSO. The assay was initiated 
by perform·ing f inal 1:100 dilutions of the stcck solutions into medium 
containing the cells. The test materiai appeared soluble up to 31.3 nl/ml 
without activation and 0.977 nl/m1 in the presence of rat liver S9 micro
somal activation ~ix. Higher concentrations appear2d cloudy and conttined 
a white precipitate that increased with increasin~ concentrations of test 
material (up to the highest concentration tested, 1000 nl/ml}. 

One trial of the mutation assay was initiate1 and the results are 
presented in Table 1. 

Under nonactivation conditions, no evidence ~or mutagenic activity was 
obtained. The mutant frequencies in the cultures exposed to concentrations 
of test material from 31.3 nl/ml to SOC nl/ml ranoed from 12.1 x lo-6 to 
20.4 x 10-€. A mutant frequency exceeding 27.8 x-lo-6 was considered to 
be the minimum criterion for indicating mutagenesis by a given treatment 
in this assay. The relative growth$ of t~e assayed treatments ranged from 

BIONETICS 1 
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\'II I. It TERPRET AT ior· OF RES ULTS: (continued) 

78.7 ~ to 21 . 4r which demonstrates moderate to low toxicity. The next 
increment i n concentration to 1000 nl/m1 was completely lethal to the 
cells (data not shown). The se resL:lts showed that the test material was 
not detectably mutagenic under nonactivation conditions for concentra
tions that closely approached a level causing excessive toxicity. 

In the presence of 59 microsomal activation mix, the test material 
caused significant increases in the mutant frequency. The minimum 
criterion for indicating mutagenesis in this portion of the assay was a 
mutant frequency exceeding 51.6 x l0-6 . This value was just exceeded in 
the ~ulture exposed to 125 nl/ml of test material, which resulted in 
moderately high toxicity (23.2~ relative growth). The 250 nl/ml treat
ment was very toxic (15.3f relative growth; and induced a 4.4-fold in
crease in mutant frequency over the average negative control v ~ lue . The 
ne xt highest concentration of test material (500 nl/ml) wa s also highly 
to xi c (6. 1\ rela t ive grcwth) and induced a mutant frequency t hdt wa s 
5.6 - fo l d above t he backg ro u11d . Thu s , the observed response appeared to 
be dose -rel ated Rnd was i nt erp reted to mean tha t the test material was 
conver t ed b • t he meta olic act iva t ion system to one or more mutage ni c 
products . 

The averag clo ~i p ef i cienc ies for the solve nt and untreated negative 
controls v2ri ec fror· 109 . 1i t hout ac t ivation to l05 .6r with activation 
w ic h demonstreted excelle _ cloning conditions for the assa ys. The 
ne g2 tive cor.'Jcl u art freque cies were all i n the normal ran9e and 
th positive co .:·ci co rou ds yie lded no rma l mut ant frequen ci es thClt 
1~e ·e grea 1 · i1 , e :c ss o t t:9 be .:kground. 

BIONETICS 2 
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IX . CO .L S' ·; s : 

The te st material, Li qu id Prepolymer 11664-97 , induced dose-related 
increase s in the mu tant frequen cy at the TK locus in L51'78Y mouse lyr.~phoma 
cell s only in the presence of rat liver S9 microsomal activation. Without 
activation , concentra t ions up t o 500 nl/m1 demonstrated moderate1y high 
t cx icity without being detectably muta~enic, and 1000 nl/ml was completely 
lethal. Wi h activa t ion, mutagen~sis was detected at 125 nl/ml and in -
rea sed in a dose-dependent manner at 250 nl/ml and 500 nl/ml. The 

increases i n the mutant f requency ranged from 2.1-fold to 5.6-fold above 
the background (average of solvent and untreated · 'l t rol mutant frequencie s ) . 
The tes t ma t erial is therefore considered to be a~~1ve in the r~use 
Lymphoma Forward ~1utation Assay with microsomal activation. 

BIONETICS 
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4. SUft"U! OF "OUK.J.I!!PHO,.!_.!I.,J!ll~SULT~ TAR U:: 1 

•• NA"£ OR CODE DESI&NATION OF THE TEST CO~POUNO: ll QUJO PR£ RJL YMfR 11664-qJ HTPOL 4100 
a. LBI CODE 1: 5'919 
c. SOLVENT: OMSO 
D. TEST OAT£: 10/19/81 

R(LATIV£ RELA Til£ 
SU SPF"N~ION TOUL TOTAL CLONIN& 

S-9 OUL Y COUNTS '11 0 11fH fi MlfflN T VIAAL£ £FFlCI£NCf 
!ll! SOURU TISSUE _!£~1.J,~~L!Ll.QD1_ f.~.!;9 !E.~.QU. ~l!J~~ ~lQ~~ ca_~M!~~L! 

l -' ..} 

IIO!U!.l.l!lli! 

SOll[ltf - CONUOl --- --- 13.7 10.0 10 o .o J7 .o 28'J. 0 100.0 
SOLWE•T CONTROl ~-- --- 16.5 n.<J 1no.o .H.O J94- 0 100.0 
UIITRE&T£0 CO.JROL --- -- D-8 14.5 I 0'1. 2 4'l.O JO 0. 0 8 r .8 
£"5 .5 Ul/Ml -·-- --- "·' 1.0 .H .1 I 14.0 53.0 15.5 
TEST fD .. OUfeD 

31.311 Nl/"l --- --- 13.5 1 J. 6 10 o. 2 J6.0 268.0 78.5 
62.500 Nl/"l --- --- 11.5 10.2 64.0 J2 .o 265.0 77.6 

l25eOaO flll/Ml --- --- 13.J 10.'J l'f.l 45.0 21'J.O 84.6 
250 • 0 00 Nl/Ml --- --- 14.0 J.f. 5R . 1 J6.0 182 .a 53.J 
~U O. a01 Nl/Ml --- --- u.o .•• o "I .0 J l.O 152 .o 44.'5 

Ul111TIO! 

IOl.niiT . COIIT"Ol ""i ll WER 10.4 13. J 100 .o 101.0 312.0 uo .a 
SOUEIIT COIIUitl UT LIV£1t U ~ O 10.4 100.0 '". 0 28 3.0 IOO.a 
Ulll"EIT£0 COIIlROl llU ll V£1l u.a 1.1 , 6 12J.5 78 .o 2'9~.0 90.1 
DMI .3 ~, ... "AT liiU '·' 1.4 41.8 19.0 34.0 10.4 
TEST CO .. OUIID 

11.111 M../ltL ... , LIV£R 111.11 9.0 8 o. 2 5J.o 211.0 '1.4 
62.511 .. , ... Ul LIVER 7.1 •• 2 52.8 65.0 13'5.0 41.2 
12~.001 .... , .. l. .. , LIV£1t 1.6 6.6 4f..8 ~6 .. 0 162.0 49.5 
25t.tll ., .... '"'' LIVER ~ .. 1 J.5 41.5 146 .o t21 .o ·"··' 501eOII . IIl/"l "AT liVER 4.~ 6.3 23.4 132.0 15.0 26.0 

• flt(LATII£ SUSPt.SIH Cll811nt I "£l.ITiil£ Cl0flllfll8 (FfiCI£fiiCU I tOO 
•• tN£ "ATI~ OF C£L~S S££D£n FOR "UTAIIT SElECTION tO CELLS S£[0£) fOit CLO.IN5 [FF1Ci£~T 11 10£•4. 

fH[ftfOit[ TK£ RUUrn fUCUUICf IS: UOTAl M':JUJit ClONESITOfll VIA8l£ Cl01t£St•ll£-4. 
tM£ "UTA•T fR£8UEICY IS &IV£• tM UNITS Of 10£-6, 

PERCENT "UTI NT 
RELA Tl V£ FR(QU£ NCY• • 
GR lllf !~!.- ------

uo.o I I. 1 
10 o.o 'J.4 
q6.0 1 ~.o 

5.8 J 78.J 

78 ·' n.4 
4'J.l I 2.1 
6 J.O 1 s .6 
31.a I q .8 
21.4 20.4 

ua.o 28.8 
lOa. 0 2 '.9 
111.2 26.4 

4.4 232.4 

49.2 26.4 
21.1 41.1 
23.2 59.3 
l5.l 120.1 
6.1 155.3 
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ASS PY D E S l G ~ NO. t31 

CHANGE SHEE T 

l. The dosa ge selection portion of the Assay Design (Part 4.A) was 
not performed as a separate, preliminary cyt~toxicity test as 
was usually do ne for previous studies . Instead, dose se1ection 
became an inte gral part of the mutation as5ay by the use of the 
range of conce trations normally emplo ed in the preli minary 
test. More of te n tha n not, a suitatle number of treat~ents w' ll 
be ava i la bl e for mu ta nt anal ys is , b ~t if not, a second trial 
wit h a adj uste d dose ran ge f or ei th e r activatio test condit io 
woul~ t he r be in' t i ate J. This procedu re appears t o be more 
e ff i c i e ~ ~ in t i e a d mate~ ie s and ·s und er serio ~s consid~ ratio 
of b eco~·n; s: a~ c ~ c ~oc ~ ~ Jre. 

2. ~ne con cer : ra: ior o ~ Fische 3L ~ hroclor -induced rat liver S9 
rr · croso- .c~ ac: · a· io ~ ~ ·>- v. cs reduc ed from 0. 5 1 rer 10 rr,! ass a 
t oo . ::, r-1 pe r 1: r~ . ue t o t he va ri able natu re o di fere t 
bate es cf ra: l ' ver SS act i at ion rr. i ..: , ad j ustment of the conce r.
t ·ati r c ~ S~ · s s o~e ti mes necess ary . The red uced concen trat i on 
re s ~ t e ~ i n csi t i e con:rc . muta n: f requen ci es t ha t were i n 
k e e ~ i , ; v. ~ : ' : n e i s t o ~ i c a 1 d a : a . 

BIONETICS 



ASS~ ' DESIG~ (NO. 431) 

1. 06JECT 1 VE 

The objective of this study is to eval uate the test material for its 
ability to induce forward mutation in t he L5178Y TK+/ - mouse lymphoma 
cell line, as asses sed by colony growth in the presence of 5-bromo-2'
deoxyuridine (BrdU) or 5-trifluorothymidine (TFT) . 

2. RATIONA LE 

Thymidine kinase (TK) is a cellular enzyme that allows cells to salvage 
thymidine from the surrounding medium for use in DNA synthesi s . If a 
thymidine analog such as BrdU is included in the growth medium, the 
analog will be phosphorylated via the TK path~ay and be incorporated 
into DN A, eventually resultin9 in cellular death. Cells whi ch are hetero
zygou s at the TK locus (TK+/ - ) may undergo a single step forward mutation 
t o t he TK - / - genutype i n whic h little or no TK activity remains. Such 
mutan ts are as via bl e as the heterozygotes in normal medium because DNA 
syn t hes i s proc eeds by de novo synthetic pathways that do no t involve 
thyrri di ne as an intermedi ate. The ba s is for selection of the TK-/
mutants is the la ck of any abi lity to utilize to ;;i c analogs of thymidir1e , 
which enable s only t h ~ TK-/ - mutan ts to grow in the presence of BrdU. 
Cell s which gro~ t o form colo nie s i n the presence of BrdU are therefore 
ass umed to have mutated, ei the r spontaneously or by the action of a test 
su bsta nce, t o the TK- / - ge notype . 

3 . M~TE RIALS 

A. Indica t or Ce lls 

The mouse lymphoma cell line, L5178Y TK+/-, used in t his assay is 
de r ived fro 1 the Fi scher L5178Y line of Dr. Donald Clive. Stocks 
are mainta i ned in liquid nitrogen and laboratory cultures are period
ically checked for the absence of mycoplasma contamination by 
culturing methods . To reduce the negative control frequency (spon
taneous frequency) of TK-/- r.1utants to as low level as pv ssib1e ., c ~ ll 
cultures are exposed to conditions which select against the TK- /
phenotype (exposure to methotrexate) and are then returned to normal 
grcwth medium for three or more days before use. 

B. Media 

The cells are maintained in Fischer's mouse leukemia medium supple
mented with L-glutamine, sodium pyruvate, and horse serum (lal by 
volume). Cloning medium consists of the .preceding growth medium 
with the addition of agar to a final concentration cf 0.351 to achi eve 
a semisolid state. Selection medium is cloning medium containiny 
100 ~g/m l of BrdU or 3 ~g/ml of TFT. 

rn BIONETICS 
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3. M~T E RI~L S (~ ontinu ed) 

C. Co ntrol Compounds 

l. Negative Control s 

A negative control cor.sisting of assay procedures performed 
on untrea~ed cells is performed in all cases. If the test 
compound is not solu ble in growth medium, an organic solvent 
(normally DMSO) is used; the final concentration of solvent 
in the growth medium will be 1% or less. Cells exposed to 
solvent in the medium are also assayed as the solvent negative 
control to deter.nine any effects on survival or mutation caused 
by the solvent alone. For test substances assayed with activa
tion, the untreated and solvent negative controls will include 
the activation mixture. 

2. Po sitive Co nt rols 

Ethylme thcnE su l fonate (E~S) is highly ~utageni c via alkylation 
of cell l cr Oih ar,d ~1ill be used at 0.5 IJl/ml s a positive 
co t ro for nonacti va t ion studies. 

Dimethylnit rosa ine (DMI;) requ ires me t abo1 ic activat ion by 
rricr o s o~c enz e~ t o become muta genic and will be used at 
0. 3 ;. l /rr.l as a posi t i ve control for ass ay s performed ~o: ith acti 
va t ion . 

Solid mate r ials are dissolved in growth medium, if possible, or in 
D~SO , unless anot her solvent is requested. Liquids are tested by 
direct addition t o the test system at predetermined concentrations or 
following dilution in a suitable solvent. 

4 . EXPERIME NTAL DE S !G t~ 

[] 
Utton 

A. Dosage Selection (Cytotoxicity testing) 

The solubility of the test chemical in growth medium and/or 0~1SO is 
first determined. Then a wide range of chemical concentra~ions is 
tested for cytotoxicity, starting with a maximum applied dose of 10 
mg/ml for test chemicals soluble in media or 1 mg/ml for solutions in 
organic solvents. After an exposure time of four hours, the cells are 
washed and a viable cell count is obtained the next day. Relative 
cytotoxi cities expressed as the reduction in growth compared to the 
growth of untreated cells are used to select seven to ten doses that 
cover the range from 0 to 50-90% reduction in 24-hour growth. These 
selected doses are subsequently applied to cell cultures prepared 
for mutagenicity testing, but only four or five of the doses will be 
carried through the mutant selection process. This procedure compen
sates for daily variations in cellular cytotoxicity and ensures the 
choice of four or five doses spaced from 0 to 50-90% reduction in 
cell growth. 

BIONETICS 
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B. Mutagenicity Test~ 

l. Nonectivation Assay 

The procedure used is based on that reported by Clive and 
Spector (1975) and is summarized as follows. Cultures ex
posed t o the test chemical for four hours at the preselected 
doses are washed and placed in growth medium for two or three 
days to allow recovery, growth and expression of the induced 
TK-/- phenotype. Cell counts are determined daily and appro
priate dilutions are made to allrw optimal growth rat~~-

At the end of the expression period, 3 x 105 cells for each 
selected dose are seeded in soft agar plates with selection 
medium and resistant (mutan t ) colonies are counted after 10 days 
incubation . To determine the a:tual number of cel~s capablA of 
formi ng col onies, a portion of the eel I suspension is also 
cloned in normal medium (nonselective). The ratio of resistant 
col oni es t c t otal viable cell number i s the mutan t frequency. 

~ d etaile ~ fl o~ dia gra m for the mutatio n assa y is provided i n 
Fig ure 1. 

2. Ac i vati or. hssc. ; 

The ac tivatio ass dy can be run concurren tly with the nonactiva
ti o ~ assc.y . Th e only difference is the addition of the 59 
fractio n of ra t live r homogenate and necessary cofactors (CORE) 
duri ng the four-hour treatment period . COR C consists of NADP 
(so di um salt ) and isocitric acid . The final concentrations of 
the activation system components in the cell suspension are : 
2.4 mg ~AD P / ml; 4.5 mg isocitric acid/ml; and 50 ~1 59/ml. 

3. 59 Homogenate 

A 9,000 x ~supernatant prepared from rischer 344 adult male 
rat liver induced by Aroclor 1254 (described by Ames et al., 
1975) is purchased from Bionetics Laboratory Products, 
Litton Bionetics, Inc. and used in this assay. 

BIONETICS 
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~ hr ·creened dose s , cell counts, and mutant and viable colony counts 
wil · be entered into a computer program. The results are analyzed 
and printed. 

The suspension growth of each culture is c~lculated as (Day 1 Cell 
Count /3) x (Day 2 Cell Count/3) x (Day 3 Cell Count/3) when the cultures 
are split back to 3 x lo s cells/ml after the daily count. If the 
cell count is less than 4 x 10 5 cells/ml, the culture is not split 
back and the cell count is substitut~d for 3 in the denominator 
of the next daily count. In most assays, 3-day expressions are not 
used, so only the fir5t two factors in the preceding calculation are 
used. The suspension growth is calculated for each solvent control 
and then averaged. Relative suspension growth values are derived 
by dividing the suspen s ion growth values by the average solvent 
control val ue an d multiplying by 100~ . 

The ave rage clo ni ng efficiency for the negative controls in an assa y 
is the avera ge number of via ble colonies for the solvent and untreated 
co ntrols, d ivide~ b 1 300 dn d multiplied by 100~ . In the computer 
tab les, th e clo ni ng ef ic iency of each culture is expressed relative 
t o t he aver ge solve t control cloning efficiency. Whenever the number 
of cells seeded for via e colony counts differs fror 300, the co~puter 
cclculati or. of t e r2lative cloning efficie ncy is ad j usted by the 
facto r (300/ cells seeded, . · 

~ percent relativ growth value i s calc ul ated as (relative suspension 
growt ·) x (re lctive clonin g eff iciency/100). Corrected value s for 

·t·ve clo ing effic ie ncy are used in the cases where the 
r , cells seeded for via ble colonie s differs from 300. 

The mu t a.. freque ncy is calculated as the ratio of mutan t colon i es to 
via ble col onies times 10- . Th is calculation is unaffected by changes 
i n the number of ce lls seeded for via ol e count because the numb~r of 
cells seeded for mutant selection is changed by the same facto r . 
Thus, as an examp le, i f 250 cells are seeded for viable count, 2.5 x 
10: cells are seeded for mutant selection · the 10- ~ factor remains 
constant. 

6. REFEREN CE 

Clive, D. and Spector, J.F.S.: Laboratory procedure for assessing 
specific locus mutations at the TK locus in cultured L5178Y mouse 
lymphoma cell5. Mutation Res ., 31:17-29. 1975. 
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Assay tube (volume= 10 m l) 

Cell density adJustP.d to 3 x 106 cells / tuhA 

10 ml l1 :10 
/8rdU or TFT f!'lelec l <; 

flask !original volume= 80 miJ 

for mutAnts( 

8 

uuu 
1 • 1o' cefltlplale (33'13 ml) 

Colonies= mutants 

3-x 106 cells 

ll&sk 

~I , .. ,~ 

0 tube {3 miJ 

Ro 

.... ~~l?i, bJo -
, . 1 . 0 

Dilutions 

• Added aft• remoYal of 1 ml for wlable count dilutions. 

1Ube f9 miJ 

~' 1:iO(j--..... 

Agar 

1 

(add 10.0 ml 
per flask! 

VC flask (original 
wolume = 90 miJ 
(wlebl(t count) 

3 x 1o2 cel~s 
flask 

uuu 
1 x 1o2 celltlplete (33 111 mil 
ColoniH 2 wlaote cetls 

FIGURE 1. lYMPHOMA CLONING FLOW CHART 



ASSAY t CEPTAN CE CRITERIA 

An assay wiJl normally be considered acceptable for evaluation of 
the test results only if all of the criteria given below are satisfied . 
The activation and nonactiv~tion portions of the mutation assays are 
usually performed concurrently, but each portion is in fact an inde
pendent assay with its own positive and negative controls. The acti
vation or nonactivation assays will be repeated independently, as 
needed, to s3tisfy the acceptance and evaluation criteria. 

1) The average absolu•e cloning efficiency of the negati~e controls 
(aver3ge of the solven~ and untreated controls) should be between 
70: and 130~ . A value greater than 100: is possible because of errors 
in cell counts (usually ± 10:) and cell division during unavoidable 
delays between the counting and cloning of many cell cultures. C~~ning 
efficienc ies below 7 0 ~ do not necessarily indicate substandard culture 
conditions or unhealthy cells. Assay variables can lead to artificially 
low cloning efficienc i es in the range of so: to 70% and still yield 
internally cons i stent and valid results. Assays with cloning efficiencies 
in thi s ran ge are co ndi tiona lly acceptable and dependent on the scientific 
judgement of the study direc tor . All assays below 50 ~ cloning efficiency 
are unacce ptable. 

2) The solvent and untreated negative controls normally have the same 
growth rates and cloning eff ici encies within experimental error. An 
unusuul effect by the solven t therefore indicates an abnormal cell 
state or excessive amount of solvent in tne growth medium. An assay 
wi ll be unacceptable if the average percent relative growth of the 
so l vent controls is less than about 70: of the untreat~d control value . 

3) The minimum acceptable value for the suspension growth of the.average 
negative control (average of the solvent and untreated control values) 
for two days is 8.0. Lower values will render an assay unacceptable for 
evaluation because of the high frequency of unreliable measurements for 
both the induced mutant frequency and toxicity of a given treatment. The 
value of 8 corresponds to three population doublings over the 2-day ex
pression period. The most desirable range for the negative control sus
pension growth is 12. to 25, since the cells are capable of a 5-fold 
increase in number under optimal growth conditions for 24 hours. 

4) The background mutant frequency !average frequency of the solvent and 
untreated negative controls) is calculated separately for concurrent acti
vation and nonactivation assays, even though the same population of cells 
is used for each assay. The activation negative controls contain the S9 
activation mix and typically have a somewhat higher ~utant frequency than 
the nonactivation negative controls. For both conditions, the normal range 
of background frequencies for assays performed with different cell stocks 
is 5 x 10-6 to 50 x lo-6. Assays with backgrounds outside this range are not 
necessarily invalid but will not be used as primary evidence f~r the eva
luation of a test material. These assays can provide supporting evidence. 
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5) A positive control is included with each assay to provide confidence 
in the procedures used to detect mutagenic activity . The nonnal range 
of mutant frequencies induced by 0.5 ~1/ml EMS (nonactivation assay) 
is 300 to 800 x 10- o ~ for 0.3 ~1/ml OMN (activat~on assay) the nonmal 
range is 200 to 800 x 10- 6 . The concurrent background frequencies have 
been subtracted from these values. These ranges are broad primarily 
because the effective treatment with these agents is variable between 
assays. An assay will be acceptable in the absence of a po3itive 
control (loss due to contamination or technical error) only if the test 
material clearly shows mutagenic activity as described in the evaluation 
criteria. If the test material appears to have no or only weak muta
genic activity, an acceptable assay must have a positive control mutant 
freque11cy above the lower limits of the normal range. Assays in which 
the normal range is exceeded may require further interpretation by the 
study directo r . 

6) For test materials with little or no mutagenic activity, an assay 
must include applied concentrations that reduce the suspension growth 
to 5' · t o 10'. of the average s:>lvent control or reach the maximum applied 
concen t ra t ion s given in the evaluation criter·ia. Suspension growth 
is a combined measure of cell death and reduced growth rates. A 5% 
relative suspe ns ion growth therefore could correspond to 90: killing 
followed by growth of the su"'vivors at one-half the 'normal rate for 
one dey and normal growth for the second day. At the other extreme, 
this condition could be obtained by no killing and complete inhibition 
of growth for two day s . A reasonable limit to testing for the presence 
of mutagenic action is about 80~ to 90~ killing of cells. Because of 
the uncertainty in the actual letha1~ty of treatment in the assay 
and the fa ct that mutant frequenr~es increase as a function of lethality, 
an accepta bl e assay for t he lack of mutagenic activity must extend 
to t he 5 ~ to 10~ relative suspension growth range. T~ere is no 
maximum to xicity requirement for test materials which clearly show 
mutagenic activity. 

i) An experimental treatment that results in fewer than 2. 5 x 106 

cells by the end of the two-day growth period will n t be cloned for 
mutant analysis. 

8) An experimental mutant frequency will be con~idered acceptable for 
evaluation only if the relative cloning efficiency is 10% or greater 
and the total number of viable clones exceeds about 20. These limits 
avoid problems with the statistical distribution of scoreable colonies 
among dishes and allows factors no larger than 10 in the adjustment 
of the observed number of mutant clones to a unit number of cells (lOb) 
able to form colonies. 
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9) Mutant frequer,cies are normally derived from sets of three dishes 
for both the mutant colony count and the viable colony count. In 
order to ailow for contamination losses, an acceptable mutant fre-
quency ca" be calculated from a minimum of two dishes per set if the 
colony numbers in the two dishes differ by no more than a':>out 3-fold. 

10) The mutant freq uencies for five treated cultures are normally 
determined in eac h assay . A required number of different concentrations 
cannot be explic i tly stated, although a minimum of three analyzed 
cultures is considered necessary under the most favorable test conditions 
to accep t a single ass3y for evaluation of the test material. 
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ASSAY EVALUATION CRITERIA 

Mutation assays are initiated by exposing cell cultures to a range 
0f concentrations of test material that is expected, on the bas1s 
of preliminary toxicity studies, to span the cellular responses of 
no observed toxicity to growth to complete lethality within 24 hours 
of treatment. Tht.l five doSE' levels are usually se~ected for com
pletion of the mutation assay. The doses are selected to cover a 
range of toxicities to growth with emphasis on the most toxic doses. 
An assay may need to be repeated with different concentrations in 
order to properly evaluate a test ma•~rial. 

The minimum condition considered necessary to d!monstrate mutagenesis 
for any g·i ven treatment is a mutant frequency that exceeds lSOt 
of the concurrent back~round frequency by at least 10 x lo- 6 . The 
background frequency is defined as the av~rage mutant frequency of 
the solvent and untreated negativ~.: contr·ols. The minimum increase 
is based on extensive experience which indicates that assay variabil
ity increases with higher backgrounds and the calculated minimum 
increase as defined above is often a repeatable result; statistical 
analysis for the confidence limits is not yet available. 

The observation of a mutant frequen ~y that meets the minimum criterion 
for a single treated culture within a range of assayed concentrations 
is not sufficient evidence to evaluate a test material as a mutagen. 
The following test results must be obtained to reach this conclusion 
for either activation or nonactivation conditions: 

• 

• 

A dose-related or toxicity-related increase in mutant frequency 
should be observed. It is desirable to obtain this relation 
for at least three doses, but this depends on the concentration 
steps chosen for the assay and the toxicity at which mutagenic 
activity appears. 

An increase in mutant frequency may be followed by only small 
or no further increases at higher concentrations or toxicities. 
However, a decrease in mutant frequency to values below the 
minimum criterion is not acceptable in a single assay for 
classifying the test material as a mutagen. If the mutagenic 
activity at lower concentrations or toxicities was large, a 
repeat assay will be performed to confirm the mutagenic 
activity. 

If an increase of about two times the minimum criterion or 
greater is observed for a single dose near the highest testable 
toxicity, as defined in the Assay Acceptance Criteria, the test 
material will be considered mutagenic. Smaller increases at a 
single dose near the highest testable toxicity will require 
confirmation by a repeat assay. 
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For some test materials. the correlation between toxicity and 
applied concentration is poor. The proportion of the applied 
material that effectively interacts with the cells to cause 
genetic alterations is not always repeatable or under control. 
Conversely. measurable changes in the frequency of induced 
mutants may occur with concentration changes that cause only 
small changes in observable toxicity. Therefore, either 
parameter, applied concentration or toxicity (percer.t relative 
growth), can be used to establish whether the mutagenic activity 
is related to an increase in effectiv~ treatment. A negative 
correlation with dose is acceptable only ii a positive correla
tion with tox1city exists. An apoarent increase in mutagenic 
activity as a function of decreasing toxicity is not acceptable 
evidence for mutagenicity. 

A test material ~·ill be evaluated as nonmutagenic in a single assay 
only if lhe minimum increase in mutant frequency is not observed for 
a range of applied concentrations that extends to toxicity causing 
5 ~ t o 10~ relative suspension growth. If the test material is 
relativel y nontoxic, the maxitnum applied concentrations will nonnally 
be 10 mg / rr.l (or 10 ~ 1/ml) for water-soluble materials or 1 mg/ml 
(rr 1 ul /rr. l ) for materials in organic solvents. If a repeat assay 
does no t confin an earlier, minimal response, as discussed above, 
the te st material will be evaluated as nonmutagenic in this assay 
sys te .. 

Th e ASSA Y ACCEPTAN CE AN D EVALUATION CRITERIA are presented to acquaint 
the spons or with the considerations used by the study director to 
determine ass 2y validity and the mutagenic activity of the test 
materia l . This presentation may not encompass all test situations, 
and the study director may use other criteria, especially when data 
fro~ several repe?t assays re avai~able, to arrive at a conclusion. 
The repor t wi ll provide the reasoning involved when departures from 
the above descriptions occur. 
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